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STATIC STABILITY AND CONTROL 
EFFECTIVENESS OF MODELS 12-0 AND 34-0 


OF THE VEHICLE 3 CONFIGURATION 


By 
E. Cc. Allen* and T. Tuttle* 





ABSTRACT | 


This report presents static stability and control effectiveness 
characteristics of two 0.004 scale models of the vehicle 3 configuration. 
The mode?s have been designated 12-0 and 34-0, but are referred to as 
139B and 139 respectively in this report. The components investigated 
consisted of a single aft body, vertical/rudder, OMS pods with two inter- 
changeable wings, four interchangeable forward bodies, four trimmers, 
and a spoiler. 

The test was conducted in the NASA/MSFC 14 x 14 Inch Trisonic Wind 
Tunnel over a Mach number range from 0.6 to 4.96. Angles of attack from 
0 to 60 degrees and angles of sideslip from ~10 to 10 degrees at Oo, 10, 
20, 30, and 40 degrees angle of attack were tested. Elevon, body flap, 
and speed brake deflection composed the parametric considerations. No 
grit was placed on the models during the test. 

This document has been divided into three volumes. Volume I contains 


most of the longitudinal data. Volume II presents the lateral-directional 


characteristics and some additional longitudinal data. The tabulated source 


data and incremental data figures are presented in Volume III. 
* Rockwell International 
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IiDEX OF DATA FIGURES (CONCLUDED) 


PLOTTED COEFFICIENTS SCHEDULE: 


(A): 


(B)s: 


(C)s 
(D)s 
(E): 
(F)s: 
(G): 
(H): 


CLAFO, CLMAFO, CIMCLO, CLALFA, CDAFO, CDFAFO, L/DMAX, 
ALFLDM vs. Mach 


CL, CN, CIM, XCP/L vs. ALPHA; CL, CN vs. CIM; CD, CDF, CA, 
CAF, CAB, L/D vs. ALPHA: CL vs. CD 


CLM vs. ALPHA 

CY, CYN, CBL vs. BETA 

CYBETA, CYNBET, CBLBET vs. ALPHA 
CYBETA, CYNBET, CBLBET vs. Mach 

DCL, DCN, DCIM, DCD, DCA, DCAB vs. ALPHA 


DCL, DCD, DCN, DCA, DCIM vs. DBF 
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NOMENCLATURE | 
Genera} > | 
SADSAC 
SYMBOL SYMBOL DEFINITION 

a speed of sound; m/sec, ft/sec 

Cp CP pressure coefficient; (p, - pPa)/a 

M MACH Mech number; V/e 

p pressure; N/m°, psf 
Q Q(NSM) dynamic pressure; 1/2eV", N/m“, psf 
Q( PSF ) 
RN/L RN/L unit Reynolds number; per m, per ft 
V velocity; m/sec, ft/sec 
a ALPHA angle of attack, degrees 
B BETA ungle of sideslip, degrees 
| wy PSI angle of yaw, degrees “ 
> PRI ansie or roll, degrees 
| | p mass density; kg/m, slugs/ft> 
Reference & C.G. Definitions > 
| Ab base srea; me, ft© 
b BREF wing span ae ereretice span; m, ft 
{ C.g. center of gravity 

herr LREF reference length or wing mean 

c aerodynamic chord; m, ft 

S SREF wing ares or reference area; n“, ft? 

MRP moment reference point 


XMRP moment reference point on X axis 
YMRP moment reference point on Y sxis 


ZMRP moment reference point on Z axis 


SUBSCRIPTS 





base 


: local 
static conditions 
: totel conditions 
free stream 
- 2? 
} 


gc oro 
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SYMBOL 


Cf 


Cr, 


Cf 
L/D 


SADSAC 
SYMBOL 
CN 


CA 


CAB 


CAF 


CIM 


CBL 


CL 


CD 
CDB 


CDF 


CIM 


“LN 


CSL 


NOMENCLATURE (Continued ) 
Body-Axis System 


DEFINITION 


normal force 


normal-force coefficient; a8 


axial-force coefficient; erie forse 
o 


side-force coefficient; side force 


base-force coefficient; 
Cc 


-(CPBAVG) z-——= - (CPC) 5 
wee ref 





forebody axial force coefficient, Ca - Ca, 


pitching-moment coefficient; pitching mae 
qSLRer 


yawing-moment coefficient; veutng monen® 
Q 


rolling-moment coefficient; oe 


Stability-Axis System 


lift coefficient; ea 
q 


drag coefficient; = 
base-drag coefficient; ee 
forebody drag coefficient; Cp - Cp. 


side-force coefficient; 


pitchirg-moment coefficient; itching moment 
Weer 


yawing-moment coefficient; vewing omen 


rolling-moment coefficient; re moment, 


1ift-to-drag ratio; C,/Cp 


side force 
S 


li 
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SYMBOL 


Opp 


be 


dsp 


bs 


Des o 


Fe = 0 


SADSAC 
SYMBOL 


BDFLAP 


S PDBRK 


SPOILR 
CLALFA 
CYBETA 


CYNSET 


CBLBET 


XCP/L 


CDAFO 


CDFAFO 


NOMENCLATURE (CONTINUED 


ADDITIONS TO NOMENCLATURE 


DEFINITION 


body flap, surface deflection angle, positive 
deflection, trailing edge down; degrees. 


elevator, surface deflection angle, positive 
deflection, trailing edge down; degrees. 


speed brake, split rudder inclusive deflection 
angle between outer surface, left split rudder 
trailing edge left and right split rudder trailing 
edge right, épp = (dy7, + bpp )/2, positive deflec- 
tion; degrees. SPDBRK = 999.99, basic setting. 

See Dataset Collation Sheets. 

spoiler, surface deflection angle, positive 
deflection, trailing edge down; degrees. 


derivetive of lift coefficient with respect to 
alpha, (alpha = +5 ); per degree. 


derivative of side force coefficient with respect 
to beta (beta = +5 ); per degree. 


derivative of yawing moment coefficient with 
respect to beta (beta = +5 ); per degree, body 
axis system. 


derivative of rolling moment coefficient with 
respect to beta (beta = +59); per degree, body 
axis system. 


local longitudinal serodynamic center based on 

body length; moment reference point minus the local 
longitudinal static stability derivative; 

XCP/L = |(XMRP/LBody ) - (Cia /cN) ( LREF/LBody )| body 
axis. 


drag coefficient at zero angle of attack 
(alpha = 0). 


forebody drag coefficient at zero angle of 
attack (alpha = 0). 
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SADSAC 
SYMBOL 
CLAFO 

CLMAFO 


CIMCLO 


L/DMAX 


AiLFLDM 
DCA 
DCAB 


DCAF 


DCDF 


ir, 


DCN 


DBF 


NOMENCLATURE (CONTINUED } 


ADDITIONS TO NOMENCLATURE 


DEFINITION 


lift coefficient at zero angle of attack 
(alpha = 0). 


pitching moment coefficient at zero angle of 
attack (alpha = 0). 


pitching moment coefficient at zero lift 
coefficient (CL = 0). 


maximum lift-drag ratio. 


angle of attack at maximum lift-drag ratio; 
degrees. 


incremental axial force coefficient, algebraic 
difference of two runs. 


ineremental base axial force coefficient, 
algebraic difference of two runs. 


incremental forebody axial force coefficient, 
algebraic difference of two runs. 


incremental drag coefficient, algebraic difference 
of two runs. 


incremental forebody drag coefficient; algebraic 
difference of two runs. 


incremental lift coefficient, algebraic difference 
of two runs. 


incremental pitching moment coefficient, algebraic 
difference of two runs. 


incremental normal force coefficient, algebraic 
difference of two runs. 


incremental body flap, incremental difference be- 
tween two runs, surface deflection angle, positive 
deflection, trailing edge down; degrees. 
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NOMENCLATURE (CONCLUDED ) 


ADDITIONS TO NOMENCLATURE 


SADSAC 
SYMBOL SYMBOL DEFINITION 


Aée DE incremental elevon, algebraic difference of two 
runs, surface deflection angle, positive deflection, 
trailing edge down; degrees. 


4ncremental spoiler, incremental dirference between 
two runs, surface deflection angle, positive 
deflection, trailing edge down; degrees. 
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MODEL DESCRIPTION 


The model geometry (0.004-scale) is shown in figure 2. The model 
was constructed using aluminum for the wing and stainless steel for 
the body, elevons, fins, speed brakes, and trimmers. The capability 
to obtain wing-body-tail, wing-body and body-alone data was provided. 
In addition, the model had deflected elevons, speed brakes, and body 
flap for the following combinations: 


Se = 0, +#15°, -20°, -40° (elevon) 


dsp 
opr 


épr = 0, 13.75°, -22.75 (body flap, large area) 


0, 24.92°, 54.92° (speed brake) 


0, 13.75°, -14.25° (body flap, basic) 


Deflection angles were obtained by replacing the control surface 
with a separate surface set to the desired angle. 


The model assembly had the following components: 

Aft body - stainless steel 

Verticel - stainless steel 

Speed brakes - stainless steel 

OMS pods - stycast 

Forward body (4 interchangeable) - stainless steel 
- per VL70-000139 
- per VL70-000139, alternate cambered 


- per VL70-000139B 
- per VL70-000139B, alternate cambered 


ee oe 


Wing and elevons (2 interchangeable) - aluminum 


1 - per VL70-000139 
1 - per VL70-0001398 


Trinmers - four trimmers were tested with the Vi;70-000139 
forward body (see Table IV). 


Spoiler - one set of spoilers was tested with the 


VL70-000139 model configuration, (see 
sketch, Figure 4). 


15 


i eu 5 Dias elt aie ates. RFs 
. 





be Se SE” ae oe es ae a 


; 
N 
\ 
R 
t 


TE Om, 


ape epee ET | Mie eg REE TH oe EIS CS he RE TOT SES ©: aS: 


i 
: 
a 
§ 
i 
i 
* 
* 
t 
5 
' 





The model-balance combination was mounted to the tunnel pitch sector 
using the MSFC double knuckle sting numbers 1 and 3. The alpha and beta 
schedules noted in Table II required the following sting settings: 


MSFC DOUBLE KNUCKLE STING NUMBER 1 


OP 


a Range offset Sting Adapter Balance Adapter 
( deg deg ) No. Hole No. Hoie 
A 0 to 20 10 1 53 2 9 
B 5S to 25 15 1 53 2 10 
H - 10 to 10 0 1 53 113 L 
A 0 to 20 10 1 53 113 2 
E 20 to 40 30 1 54 113 5 
K 40 to 60 50 1 51 1 4 


MSFC DOUBLE KNUCKLE STING NUMBER 3 





qa Range offset Sting Adapter Balance Adapter 
deg ( deg ) No. Hole No. Hole 
A 0 to 20 10 3 61 3 23 


Pressure transducers were used to measure base pressures. Two base 
pressure tubes and one cavity pressure tube were used. The base pressure 
tubes were "teed" together. The base and cavity areas are shown in fig- 
ure 3 along with the base pressure tube locations. 
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CONFIGURATIONS INVESTIGATED 


Configurations investigated consisted of the 0.004 scale models 34-0 


and 12-0 (139 and 139B) with and without an alternate cambered forebody. 





The mode]. components are: 


Be Symon Defiant sion 
e (139) (1398) 
oe Model Model 


ay 0, NE Ratt fl cat co 


BLT BLO orbiter body, basic 
B20 Bel orbiter body, alternate cambered 
ee CT CT canopy, basic 


R5 RS rudder 





VT VT vertical tail 





W103 W107 wing, basic 

- W1LO9 W110 wing, alternate for cambered forebody 
W1LO5 wing, 500 in. glove radius 

ig 4 F5 F5 body flap 


4 F6 F6 body flap, large area 


4 E22 E23 elevon 


Mi Mi OMS pods 

a H19 H19 tvimmer, glove apex (20°) 
. H20 H20 trimmer, glove apex (10°) 
} Hee H22 trimmer, cabin (40°) 

e He3 He3 trimmer, nose (40°) 


Zl. ZL spoiler 


LY 
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CONFIGURATIONS INVESTIGATED 
(Continued ) 
A complete description of these model components is given in Table 
III entitled Dimensional Date. A description of the test conditions 
(angles of attack and parametric considerations ) to which each model 
configuration was subjected 1s contained in Table II entitled Data Set 


Collations. 
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TEST FACILITY DESCRIPTION 


The Marshell Space Flight Center 14" x 14" Trisonic Wine Tunnel is an inter- 
mittent blowdown tunnel which operates by high pressure air flowing from 
storage to either vacuum or atmospheric conditions, A Mach number range 
from .2 to 5.85 is severed by utilizing two interchangeable test sections. 
The transonic section permits testing at Mach 0.20 through 2.50, and the 
supersonic section permits testing at Mach 2.74 through 5.85. Mach numbers 
between .2 and .9 are obtained by using & controllable diffuser. The range 
from .95 to 1.3 is achieved through the use of plenum suction and perforated 
walls. Mach numbers of 1.44, 1.93 and 2.50 are produced by interchangeable 
sets of fixed contour nozzle blocks. Above Mach 2.50 a set. of fixed contour 
nozzle blocks are tilted and translated gutomatically to produce any desired 


Mach number in .25 increments. 


Air is supplied to a 6000 cubic foot storage tank at approximately -40°F dew 
point and 500 psi. The compressor is a three-stage reciprocating unit driven 


by a 1500 hp motor. 


The tunnel flow is established and controlled with a servo actuated gate 
valve. The controlled air flows through the valve diffuser into the stilling 
chamber and heat exchanger where the air temperature can be controlled from 
ambient to approximately 180°F. The air then passes through the test section 


which contains the nozzle blocks and test region. 


Downstrvam of the test section is 4 hydraulically controlled pitch sector 
that provides a total angle of attack range of 20° (+107). Sting offsets are 


available for obtaining various maximum angles of attack up to 90°, 
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DATA REDUCTION > ; 
F 


All model forces and moments were resolved in the body and stability 
axis systems and are presented in the form of non-dimensional coefficients. 
The balance centerline is 0.020 inches above the MRP (see Figure 2) and 
was corrected for pitching and rolling moment. 

Two base pressures and one cavity pressure were recorded. The base 
and cavity areas are shown in Figure 3, along with the base pressure tube 


locations. Equations used in base pressure coefficient calculations are: 


A 
CAF - (CPBAVG) a 





A = 
: ef 

A, -~ A A 
CAB = -(CPBAVG) ~2— 2. - (CPC) = 

Sref Sref 

Pb ge 
CPBAVG = average base pressure coefficient = __8Ve_ } 
q 
Po -Pa 

CPC = cavity pressure coefficient = i 


Reference dimensions utilized in the reduction of the non-dimensional 


coefficients are: 


FULL SCALE MODEL SCALE 
REFERENCE AREA (Sper) 2690.0 ft." 6.198 in.” 
REFERENCE LENGTH (Lye) u7h.8 in. 1.899 in. 
(M.A.C) 
REFERENCE SPAN (bpp) 936.7 in. 3.747 in. 
(WING SPAN) 
MOMENT REFERENCE CENTER 838.7 in. 3.355 in. 


(MRP) (From Nose) 


20 >) 


} 
i 
} 





Kes: ee 
Py = eo 
Fi Ye 





Oa Cae 
mnt oF: 
ee a? 


Se Ee ee RE ET ape TE a I ee 





DATA REDUCTION (Concluded ) 


FULL SCALE MODEL SCALE 
BODY LENGTH (Fy) 1290.3 in. 5.161 in. 
BASE AREA (A,) (See Fig 2) W2h,2 £t.° 1.0004 in® 


CAVITY AREA (A,) 137.5 ft.° 0.3167 in.* 


pata were corrected for weight tares and sting deflections. 

Axial-foree and drag coefficients for Mach numbers less than 1.96 
for the following datasets (tunnel runs 256 thru 267) are not inclua2d 
in the plotted data and the tabulated listing. This data was judged 
to be erroneous $ 

R87048 

RBTOK9 

R87058 

R87066 

R87067 

R87075 (M = 1.2 only) 
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TEST CONDITIONS 


(pounds/sq. inch) 
= és, | ke 
1.2 | 6,1 x 10°/ft, 9.12 100 
1.96 6.8 x 10°/ft. 100 

140 


4.96 4.9 x 10°/ft. 3.07 | 140 







REYNOLDS NUMBER 
(per unit length) 







TAGNATION TEMPERATURE} 


MACH NUMBER (degrees Fahrenheit) 






ND 
XO 
\O 





3 
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BALANCE UTILIZED: MSFC No. 231 Six Component 








CAPACITY: ACCURACY: ORO ANCE: 
yp -—_22 lbs. + 61 + . 0082 
ce lbs. + 26 +.0035 
af 22. Lbs. + .10 +. 0013 
py 122 in-lbe. + .61 +. 0015 
RM _ 30 in-lbs. + 15 +. 0004 
YM 53 in-lbs. #.cl +, 0007 


f ye 
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TABLE III, DIMENSIONAL DATA 


MODEL COMPONENT: BODY 


GENERAL DESCRIPTION: | Fuselange, 3 configuration 


orbiter per Rockwell Lines VL70-9000139 





B17 


lightweaqght 


| i : 


Model Scale = 0.,004 


DRAWING NUMBER VL70-000139 


DIMENSION: 


Length ~ IN. 
Max Width~ IN. 
Max Depth ~ IN, 
Fineness Ratio 
Area Ft? 
Max Cross-Sectional 
Planform 
Wetted 


Base 


30 


FULL SCALE 


1290.3 
267.6 


244.5 
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386.67 
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MODEL SCALE 


5.16120 
1.07040 


0.9780 


—4.,82115—— 


0.00619 
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‘ TABLE III. (CONTINUED) | 
, : 
7 Ot 7 
MODEL COMPONENT: BODY B19 
7 , | 
; GENERAL DESCRIPTION: Fuselage, 3 configuration, Lightweight : 
: Orbiter per VL70-000139B | 
| NOTE: Identical to B17 except forebody L 
Model Scale = 0.004 . | 
| | 
| DRAWING NUMBER -VL70-000139B 

DIMENSION: | | FULL SCALE | MODEL SCALE 

! LengthacNe 1290.3 5.16120 

i 

Max Width ~ IN, 267.6 1.07049 

Max Depth ~ IN. 244.5 0.97 —__ 

Fineness Ratio 4.82175 4.8217> 

; Area ww Ft2 

wie ; 

i Max Cross-Sectional 386.67 __ 0.00619 

Planform 

Wetted 

Base 

: 
| 
. 31 
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TABLE IIIT. {CONTINUED ) 
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MODEL COMPONENT: BODY B20 y | 


Orbiter per Alt, Cambered Forebody for VL70-000130. Note: 


B20 Identical to Bl? except Forebody. 














Model Scale =.004., . 
cen at vee Alt.. Cambered 
DRAWING NUMBER ariet ats 
DIMENSION: FULL SCALE MODEL SCALE 
Length ~ IN. 1290.3 5.16120 
| Max Width ~ IN, 257.6 1.07040 
: Max Depth ~ IN, 244.5 0.9780 
Fineness Ratio 4.82175 4.82175 
Area ares | 
Max Cross-Sectiona! ___ 386.67 _ 0.00619 
Planform on ) 
Wetted _—: 
Buse eee eee 
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TABLE III. (CONTINUED ) 


MODEL COMPONENT: ODY 


B21 


GENERAL DESCRIPTION: Fuselage, 3 Configuration, Lightweight 
Orbiter Per Alt. Cambered Forebody for VL70-000139B. 


Model Scale = .004 


DRAWING NUMBER 


DIMENSION: 


Length ~ IN, 
Max Width ~ IN, 
Max Depth. tn, 
Fineness Ratio 
Area ~ Ft? 
Max Cross-Sectional 
Planform 
Wetted 


Base 


NOTE: B21 Identical to B19 Except Forebody 


* 


Alt. Cambered 


Fon be ay 1585 


FULL SCALE 
1290.3 
267.6 


244 .5.— 
4,82175 


386.67 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: Canopy = C7 y 


ae en CRT 








GENERAL DESCRIPTION: Configuration 3 per Rockwell Lines 
M7 Oe O00 130 ER 


eens pF PRP TT TIE Ba I a 


Model Scale = .004 
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DRAWING NUMBEK VL70-000139 

DIMENSION: FULL SCALE MODEL SCALE 
Length (x = 433 to x, = 670) in.FS 237 0.9480 __ 
Max Width 
Max Depth (0 = to Be = 501) in.FS 


| 


Fineness Ratio 





Area 


Mox Cross-Sectional 


Planfarm 
Wetted 


Base 


|] 
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TABLE III, (CONTINUED) 


MODEL COMPONENT: RS - Rudder 


eh ee I AL, CI 





GENERAL DESCRIPTION: 5A and 3 configuration per Rockwell lines 





VL70-000095 and VL70-009139 


ee 


Scale Model = .004 





eA ASE ha te oe 
Lenses eee wise ait ts Baa ba aha ee ae ee 
VL70-000139 
DRAWING NUMBER: VL70-000095 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area ~ Ft’ 106.38 0.00170 
Span (equivalent) ~ IN, 201.0 0.8040 
Inb'd equivalent chord ___ 91.585 0.36634 
Outb'd equivalent chord 50.833 0.20333 


Ratio movable surface cnord/ 
total surface chord 


At Inb'd equiv. chord 0.400 0.400 


At Outb'd equiv. chord 0.400 9.400 


Sweep Back Angles, degrees 


Leading Edge 34.83 34.83 
Tailing Edge 26.25 26429 *. 


‘ 


Hingeline 34.83 34.833 


te renner preiiie 


Area Moment (Normal to hinge line) Ft? _ 526.13 9.00003 





Product of area and mean chord 


39 
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TABLE LIZ. (CONTINUED) 


MODEL COMPONENT: VERVICAL = V7 





GENERAL DESCRIPTION: Centerline vertical telly Gouble wedce airfcil 


with rounded leading edge 





Scale Model = .004 























VL70-00001 39 
DRAWING NUMBER: VL70-000095 
DIMENS TONS : FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area (Tneo) ~ Ft? 425.92 0.00682 
Planform : 
Span (Theo) ~ In. 315.72 1.26288 
Aspect Ratio P2075 ee ee 
Rate of Taper 0.507 _ 0.507 
Taper Ratio ~404 .404 
Sweep Back Angles, degrees 
Leading cdge 45.000 45.000 
Trailing Edge 26.249 26.249 
0.25 Element Line 41.130 415.130 
Chords: 
Root (Theo) WP 268.50 1.0740 
Tip (Theo) WP POS g a). 6.433008 
MAC fe Lee 0.79924 
Fus, Sta. of .c5 MAC 3463,50 5.8540 
W. P, of .25 MAC  G 35,522 2.542088 
B. L. of .25 MAC OQ .00 0.00 
Airfoil Section 
Leading wedge Angie Deg 10 000 10,009 
Tr.iling Wedge Angle Deg y4 620 14.920 
Leading Edge Radius ~IN, ~ OC 29,0080 
Void Area 33.17 C,09021 


Blanketed Area 


Nn ee 








TABLE III. (CONTINUED } 


aan MODEL COMPONENT: | WING-W103 New Lightweight Orbiter Ce ‘ 
GENERAL DESCRIPTION: Orbiter 3 conficuration oer lines VL70-000132 


NOTE: (Dihedral angle is defined at the lower surface of the wing 


a 


sen ie we 


at the 75.33% element line projected into a plane cerpendicular 


to the FRI. Scale Model = 0.004 
a TEST NO. _ DWG. NO. VLio 600239 
DIMENSIONS: FUILL-SCALE MODEL SCALE 
TOTAL DATA 
7 Area (iheo.) Fee | 
7 Planform 2690.00 9.04304 
i Span (Theo In. 536.68 | 3.74672 
a Aspect Ratio 2.269 2.265 
Rate of Taper ere ee: 1.177 
Taper Ratio 200... 9.200 
* Dihedral Angle, degrees oe U0 3.500 
3 Incidence Angle, degrees 3.060 3.060 
7 Aerodynamic Twist, degrees _+ 3.900 43.000. 
a Sweep Back Angles, degrees 
: Leading Edge 45.090 45.000 
s} , Trailing Edge —10, 24 -10.24 
i 0.25 Element Line “35.209 35.209 
io ( Chords: 


Root (Theo) 6.P.0.0. 689.24 2.75696 
Tip, (Theo) B.P. : 737.85 0.55140 
MAC “474.81 1.89924 
Fus, Sta, of .25 MAC nee 4.54756 


W.P. of .25 MAC 1.19680 
B.L. of .25 MAC 0.72852 


EXPOSED DATA eal 

Area (ineo Ft 1752.29 0.02804 - 

Span, (Theo) In. BP108 ——F30.68 

Aspect Ratio 2.008 2.058 

Taper Ratto 0.2451 0.2451 

oe 562.40 2.2496 
Root BP108 62. : 
Tip 1,00 b 137.85 0.55140 


MAC 393.903 | 
Fus. Sta. of .25 MAC 3185.3) 4.74124. 
WoP. of .25 MAC 309.20. L.20080 
BL. of .25 MAC 251.76 1.00704. 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
Root b » ~19 310 
2 = 


Tip b = 12 ~i2 
i ; 
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| Data for (1) of (2) Sides 
a | Leading Eage out t 2 


Planform Area ame VE ae 0,001.92. 


Leading Edge Intersects Fus M. L. @ Sta 580.0 he AD 

Leading Edge Intersects Wing @ Sta saan $e So ryt ae a re: tee 
4 i 
. 
t > 





‘ODEL COMPQNENT : 1TNG-' 107 New Lightweight Orbiter 





eee eee 


GENERAL ucSCRIPTION: orbiter 3 corficuration ver lines VL70-0001 396. } oe 


NOTE: Same as Wi03 excep irfoil, and anale of incidence 


Stale Model = 9.004 


i R 


F x e 
| a se TABLL III. (CONTINUED) 





TEST NO. OWG. NO, VL70-000139 
DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 2 
Le sa Sh ove Ft a 
> 5 anjorm ; 2690.00 0.04304 
-_ Soan (Theo In. 936.68 3.74072 
a Aspect Ratio 2.265 7 965 
ba Rate of Taper ‘Mike, Teas? 
= Taper Ratio 0.200 0.200 
: Dihedral Angle, degrees 3,500 3.500 
os Incidence Angle, degrees 0.500 a.500 
Acrodynamic Twist, cegrees +3.000 +3.000 
i Sweep Back Angies, degrees 
: Leading Edge 45.900 45.000 
a Trailing Edge _ -10.24 -10.24 
4 0.25 Element Line 35.209 35.209 
— Chords: 
; Root (Theo) B.P.0.0- 689.24 2.75596 ; 
y i | 4.1 1.59924_ 
f Fus. Sta. of .25 AC 1336.89 4.54756 
oe W.P. of .25 MAC 299.20 1.19680 
i B.L. of .25 MAC L823 0.72652 
EXPOSED DATA ’ 
Area ( ineo) Ft 1752.29 0.G2E94 
| Span, (Theo) In. BP 108 720.00 7.00210 
Aspect Ratio 2.008 ye 0) - 
Taper Ratio ae 0.0451 0.240] 
Chords 
Root BPi08 562.40 2.246E 
Tip 1.00 b 137.85 0.55140 
MAC | 393.03 1.57212 
Fuse Sta. of .25 MAC 1185.31 4.74124 
, W.P. of 225 MAC 300.20 1.20080 
: B.L. of .25 MAC 251,76, 1.00704 
| Airfoil Section Slleu ly Mod NASA) 
XXXXe 
| Root b * 10 10 
3 2 | Sera ene oo 
, Tip b» 12 112 
. 2 aaa ag 
| Data for (1) of (2) Sides 
Leading Edge Cuff 4 
Planform Area Ft “TTS. 333 “Ty UVES. 
Leading Edge Intersects Fus M, L. @ Sta 500 7 eae ) 
Leading Edge Intersects Wing @ Sta 1083.4 4 3336 : 
38 ‘ 
‘ ~ om m4 a 
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é ~ 
: een em Cae cua sry 
é MODEL COMPONENT: 9 WING-K 199 New Uichtworimt ee 
¢ jot NS ee SS eS ee 
é ce CONPRA’ DESCRi PI CONGO her pe CoM: Ccpation ver Lies ons Cae oree 
, | on een on a ee 
? Poreboay for VWuTaAS8TS49 NOTE: Dihedral ansle is aofinec 
: at. the, louver Sepia Se Seine eke Che Pon gos Ee LeRene Aane 
¥ 
: syrozected inte 2 vlare yerpendicuiar to tne FR! 
: Geale “ocel = rk peas sail Title Cerbcrea POrengc: 
; TEST NO. BG. NO. For VL79-000139 
5 DIMENSIONS: FULL~SCALE MODEL SCALE 
TOTAL DATA 
8 "Area \ineo.) Fee 
: Planforin 26°C,,09 0.045C4 
i ok Span (7neo In, S36.05 TT TI6 7D” 
¢ Aspect Ratio 2.265 "2,269... 
; Rate of Taper ae ee 
: Taper xatio 0.200 0.2u00 
: Dihedral Angle, cegrees 3. 500 3.509 
Incidence Angie, cegrees 2.000 3.000 
= Aerodynanic iwist, cegrecs +3.900 +3.000 
ee: Sweep Sack Angies, decrees 
oe Leading Ed3e 45.000 45.000 
oF Trailing Ecge ~10.24 ~10.24 
C4 C,25 Elemeny Line Se ec0 0 25.209 
by Chords: _ 
eg Root (Thec) 3.F.0,0. 689.24 2.75696 
ae Tip, (Theo) B.P. 137.85 0.55149 
tt MAC 474.8) 189024 
bo: Fus. Sta, of .25 MAC 1126:.09 454756 
, 4 WP. of .25 MAC 299.20 1.19680 
3 B.L. of .25 MAC , 182.13 P27. 652 
t} EXPOSED DATA i 
l rea tineo) Ft 750429 0.02804 
i Span, (Theo) in. 8P108 Ce Oct 2.88272 z 
| q Aspect Ratio ys ee 2008 
1 Taper Ratio Ho2451 0.2451 


. Chords 
“ Root BP108 562.49 2.2496 
: Tip 1.00 b 137.85 0.55149 


s MAC é 393.03 ¥57212 
3 Fus. Sta. of .25 HAC 1785.34 
s W.P. Of 625 MAC 300.20 1.20080. 

Bot. of 25 MAC 251.76 1.00704 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 
Reot b = 210 10 
5 | 


Tipbe 12 12 
Wd 


Data for (1) of (2) Sides 

Leading Edge Cuff 5 

(\ Planform Area = Ft “30, 
- Leading Edge Intersects Fus M. L. @ Sta 560.0 2.240 
Leading Edge Intersects wing @ Sta 3035,9 4.1490 
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aasigl TIL. (CONTINUSD ) 
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TEST NO. DUG, NO. BoE VL75-0001392 
DIMENS TONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area (ineo.) Fté 
Planform | 2690.06 0.94304 
Span (Theo In. 936.68 mae Ee 
Aspect Ratio ) 265 y O65. 
Rate of Teper werk 1.377 
Taper Ratio 0,200 0.290 
Dihedral Ancle, degrees 3500 3509 
Incidence Angie, degrees 9,500 ¥. 500 
Aerodynamic Twist, degrees +3600 +3000 
Sweep Back Angles, degrees 
Leading Edge 45.000 45.000 
Trailing case -10.24 =10.24 


0.25 Element Line 35.209... 35.209 


Chords: 
Root (Theo) B.P.0.0- 689.24 2.75696 
Tip, (Theo) B.P. 137.85 0.55140 
MAC 474.81 T.pode4 
Fus, Sta. of .25 MAC 1136.89 4.54756 
WeP. of «25 MAC 299.20 1. Leeeo 
B.L. of .25 MAC 182.13 (ries 
EXPOSED DATA 
“Area (ineo) Ft 1752.29 0.02804 
Span, (Theo) In. BP 108 720.66 _ Toone he. 
Aspect Ratio 2.058 220 303i. 
Taper Ratic. 0.2451 .2455 
Chords 
Root BP108 562.40 2.2496 
Tip 1.0u Db 137.85 0.55140 
MAC 393.03 1.57212 
har ee ae MAC 1185.31) 4.74124 
oP. Of « C G20 1.20080 
B.L. of .25 MAC ri Sa 1.00704 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
Root b #* ~10 10 
> :  ereainenanemenmmaees ad 
Tip b = 12 sz 
_ wa Certs oe ae ep 
Data for (1) of (2) Sides 
Leading Edge Cuff » 
PDianform Area Ft TTS. 300 “STOO TSO 
Leading Edge Intersects Fus M. Le. @ Sta 500 2.0 
Leading Edge Intersects Wing @ Sta 1083.4 4, 3336 


Lo 
| DSM 387-6 Exp. Date 8/2/73 
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TABLE III. (CONTINUED) 
MODEL COMPONENT: WING-W 105 New Liahtweiaht Orbiter 
GENERAL DESCRIPTION; Orbiter 3 Configuration per lines VL70-19001 39 


NOTE: W105 identical to W103 except 500 in. radious used to 


connect cuff to wing. 
Scale model = 0.004 


rece ce ET 


TEST NO. OWG. NO. VL70-000139 MOD 
DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area (ineo.) Fe2 
Planform 2690.00 0,04304 
Span (Theo In. 936.68 3.74672 
Aspect Ratio 2.265 2.265 _ 
Rate of Taper 1.177 1.177 
Taper Ratio 0.200 0.200 
Dihedrai Angle, degrees 3.500 3.500 
Incidence Angle, degrees 3.000 3.000 
Aerodynamic Twist, cegrees . +3.000 +3.000 
Sweep Back Angles, degrees 
Leading Edge 45.000 45.000 
Trailing Edge -10.24 -10724 
0.25 Element Line 35.209 35.209 
Chords: 
‘Root (Theo) B.P.0.0. 689.24 2.75696 
Tip, (Theo) 8.P. T37.85 0.55140 
MAC 474.81 1.89924 
Fus. Sta. of .25 MAC 1136.89 4.54756 
WP. of 25 MAC 299 .20 1.19689 
B.L. of .25 MAC 182.13 0.72852 
EXPOSED DATA 
—“Trea (ineo) Ft 1752.29 7.00916 
Span, (Theo) In. BP108 720,06 2.00212 
Aspect Ratio . “2.055 Z.055. 
Taper Ratio 0.2451 0.2451 
Chords | 
Root BP108 562.40 2.24940 
Tip 1.00 b | 3 37.35 __ 0.55140 
MAC _ 393.03 1.57212 
Fus. Sta. of .25 MAC : 4.74124 
W.P. of .25 MAC 00,20 1.20008. 
B.L. of «25 MAC 251.76 1.00704 
Airfoil Saction (Rockwell Mod NASA) 
XXXX~64 
Root 2 = pe he | 19 
Tip b= eke »12 
2 aaa ae eae tg 
Data for (1) of (2) Sides 
Leading Edge Cuff o 
Planform Area t | _ “2776 T.00LIS 
Leading Edge Intersects Fus M. L. Q@ Sta 569.50 2.2780 
ta 3135.4 4.54160 


Leading Edge Intersects Wing @$ 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: F5 Body Flap 


GENERAL DESCRIPTION: 3 configuration per Rockwe™ - lines 
VL70-000139 


pp nn eR A I A IC OAS A Tn 
er a AS SS I 


‘Scale Model = 0.004 0 


DRAWING NUMBER _ VL70-000139 

DIMENSION: | FULL SCALE MODEL SCALE 
Length~ IN. 84.70 0.33880 
Mox Width ~ IN. 267.6 1.07040 
Max Depth 


Fineness Ratio — 
Area ~ Ft 


Mox Cross-Sectional 














Planform 142.5195 0.00228 

Wetted _— 

Base 38,0958 ‘_0.25238 
he 


New? 
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TABLE IIT. (CONTINUED) 


MODEL COMPONENT: Body Flap - Fé 


GENERAL DESCRIPTION: Body Flap for configuration 3, 
per _lines VL70-000139B 


NOTE: Flap adjustable from ~32.59 to +13.75" 


MODEL SCALE = .904 | 


DRAWING NUMBER 


‘ LT 


OIMENSION: 


Lengthan, in. 
Max Widtha, in. 
Max Depth 
Fineness Raiio 
Areoru Ft? 
Max Cross-Sectional 
Planform 
Wetted 
Buse 


FULL SCALE 


107.0 
267.6 





at 


174.55 


l 


38.0958 


MODEL SCALE 





0.4280 
1.0704 
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TABLE III. (CONTINUED) 
MODEL COMPONENT: Elevon E-22 y 
GENERAL DESCRIPTION: 3 configuration per W103 Rockwell lines 


VL70-000139 data for (1) of (2) Sides 


Scaie Model = 0.004 





DRAWING NUMBER: VL70-000139 
; DIMENSTONS: FULL-SCALE MODEL SCALE 
| Area ~ Fr? 205,52 0.00329 
. Span (equivalent) IN. 353.234 1.41336 
: Inb'd equivalent chord 114.78 0.45912 
Outb'd equivalent chord 55,00 0.220 
: Ratio movable surface chord/ | 
total surface chord ) 
At Inb'd equiv. chord .208 208 
| At Outb'd equiv. chord 400 .400 
EY Sweep Back Angles, degrees 
| | Leading Edge 0.00 0.00 
} Tailing Edge -10.24 ~10.24 
Hingeline 0.00 0.00 
Area Moment (Normal to hinge line) Fr? 1548.07 0.00010 


eth hee oem ‘eat re RL le a aE te eI lin me a 
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; TABLE III. (CONTINUED) 

: tv MODEL COMPONENT: __Elevon E723 — . 
3 GENERAL DESCRIPTION: _3 configuration per W107 Rockwell lines 
* VL70-000139B data for (1) of (2) sides 

. 

+3 

‘ Scale Model = 0.004 : 
it DRAWING NUMBER: VL70-000139B 
it DIMENSIONS : FULL-SCALE MODEL SCALE 
| Area~ FT? 205,52 0.003288 
, Span (equivalent) ~ IN, 353.34 1.41336 
| Inb'd equivalent chord 114.78 0.45912 
Outb'd equivalent chord 55.00 0.220 
lf i Ratio movable surface chord/ 
if | total surface chord 
p At Inb'd equiv. chord .208 208 
: At Outb'd equiv. chord 400 400 
t Sweep Back Angles, degrees | 

q Leading Edge 0.00 0.00 ° 
fe Tailing Edge -10,24 -10,24 

: Hingeline . 0 00 0.00 


Area Moment (Normal to hinge line)~ rt? 1548.07 0.00010 


Product of Area Moment 


45 
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TABLE III. (CONTINUED) 
MODEL COMPONENT: OMS Pod - M4 ) 


a 


GENERAL DESCRIPTION: 3 Lightweight configuration per Rockwell 





ss Se ae ee ee 
Scale Model = 0.004 





nal 


DRAWING NUMBER -_-VL70-000139 

DIMENSION: | | FULL SCALE | MODEL SCALE 
I 

Length~ IN. 346.0 1.3840 
Mox Width ~ IN. 108.0 0.4320 
Mox Depth ~ IN. 113.0 113.0 


Fineness Ratio — 





Area 
Max Cross-Sectional 
Planform 


Wetted 


mt ee ee Oe ee eee 


iV] 


Base 


D of OMS Pod 
We = 463.9 INFS: WP400 + 63.9 = 463.9 
BP = 80.0 INFS 


Length 1214.0 to 1560.0 = 346.0 INFS 


eee eR ES TAME Stormer 


NOTE: M4 identical to M3 of 2A configuration except 
intersection to body 
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TABLE III. (CONTINUED ) 


MODEL COMPONENT: __ Trimmer ~ Hy9 


GENERAL DESCRIPTION: Trimmer for Configuration 3, per 


lines VL70-000139B 


NOTE: Data for one (1) Side Onl 
MODEL SCALE = .004 


: ; 


dh el i OS 


DRAWING NUMBER 


bd eer eT PI A LT 











DIMENSION: | | FULL SCALE MODEL SCALE 
Length ~ in. 222.5 0,890 
Max Width ~~ in. 66.25 0.265 
Max Depth bes 
Fineness Ratio 
Area VF t? 
Max Cross-Sectional __ es 
Planform 55.21 0,000884 
Wetted Ss 
Base centooue> ee 
Included Angle ~ Deg 17.64 17.64 
Leading Edge intersects 
Fuse@ sta. 548.0 2.192 
Trailing Edge intersects 
Fuse @ sta. __ 748.8 2.995 
I 
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TABLE III. (CONTINUED) 

















, MODEL COMPCNENT: Trimmer Hop ) 
| GENERAL DESCRIPTION: | Trimmer for configuration 3 per lines : 
| ee a I 
— W0K70= 000 3 rm a caaeegeny een ET TTT I 
; a 
Model Scale = .004 
DRAWING NUMBER | 
' 
, DIMEN: ON: | FULL SCALE MODEL SCALE 
t 
yO Length ~ In. 204.5 0.818 
: Mox Width ~ In. 42.125 0.1685 
5 Max Depth 
| Fineness Ratio __ 
4 Area ~ Ft2 
| Max Cross-Sectional _ 
| Pionform 23.74 0,00038 J 
| Wetted _ 
Bose 
| —_— 
| Included Angle + deg 8.95 8.95 
i Leading Edge intersects 
Fuse @ sta. 560.75 2.243 
Trailing Edge intersects 
Fuse @€ sta. 765.25 3.061 
48 
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oe TABLE III. (CONTINUED) 
he 
3 
"e ne MODEL COMPONENT: Trimmer —~ H ’ 
GENERAL DESCRIPTION: Trimmer for configuration 3, for lines 
? VL70-000139B 
oN eee 
NOTE: Data for one (1) side only 
__ MODEL SCALE - .604 . 
DRAWING NUMBER | 
! | | 
DIMENSION: FULL SCALE MODEL SCALE 
Length~.in. 137.12 0.5485 
Max Widthwin. 61.75 0.247 
Max Depth 
| Fineness Ratio 
Z AreovFt. 
1 § 
} oo: F Max Cross-Sectional | 
oo Planform | 32.745 0.000524 
i Wetted 
| : Base 
é Included Angle + deg > 28.2 __ 28.2 
Leading Edge intersects 
Fuse @ sta. 433.62 1.7345 
3 Trailing Edge intersects 
3 Fuse @ sta. __ 570.75 2.283 





TABLE III. (CONTINUED) 





MODEL COMPONENT: _‘ Trimmer ~ H23 








GENERAL DESCRIPTION: Trimmer for configuration 3, per lines 
VL70-000139B, Nose mounted 











iia tial RA I ET 








MODEL SCALE = ,004 


a AD TT 





DRAWING NUMBER 














; DIMENSION: | | FULL SCALE | MODEL SCALE 
Length win. (@.8, = 331) 96.5 0.386 
| Mex Width in. 46.12 | 0.1845 
3 Max Depth 
Fineness Ratio esses 
Area ~~ Ft? 
Max Cross-Sectional ee | 
! Planform | __ 21.285 0.000341 } 
Wetted 
| Base | | | 
| Included Angle~deg 36.12 B60) 2 cg 
Leading Edge intersects Fus @ sta. 280.38 1.1215 
Trailing Edge intersects 
Fus @ sta. 376.87 1.507 


50 
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TABLE III. (CONCIUDED) 


MODEL COMPONENT: Spoiler — #3 


NR PI RIE OP, ORO Si ie 
4 } 


MODEL SCALE = .004 


DRAWING NUMBER 


= eC CT A 





: D!MENSION: | FULL SCALE 
i 

: Length in. © | 250.0 

: Mox Width~ in. — 25 
: Mox Deoth~ in. 25 


Fineness Ratio 


Aiea ~ FL 
Max Cross-Sectional —_ 4.34028 





Planform 
Wetted 
Bose 
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Cp EE yee - eg tres rr eran ee ee ek ee it bain * » 
a 


51 


() 


GENERAL DESCRIPTION: Spoiler for configuration 3, lines 


drawing VL70-000139. | 
NOTE: Data for (1) side only. 


Se initial een - , eet ” ae ” ’ . 2 


MODEL SCALE 





1.0 
0.10 


ae 


0.1 
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__ 0.00007 


SS en 


NCTE: Located on Wy93, 99 in. FS from and parallel to 
the leading edge. in board end of spoiler is 
109.375 in. FS from outer moldline (Y, = 217.375) 


} 
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TABLE IV. 
AJXILIARY SURFACE CONFIGURATIONS 


TRIMMERS 








PLANFORM Sexposed INCI- MOUNTING 
a Pr nails rT2, FS DENCE LOCATION 
Radius, FS (one side} ANGLE (Body 
Station*: 





a 
: H19 17.63° 
22723" 


yee 


‘a H20 | 8.95 

, 209.2" 

: | ! 5 
—, 
- H22 : 28.29 

| | 138.8" 

! . 3 Nose 
H23 | 36.12° ) F 
' 98.6" 21.28 ie x 280.4 





*L,.E. Intersection with Fuselage 


7 Spoiler located parallel 
| Spoiler, 81 to and 50" behind L.E. of 
. CJ 23° wing W103 with inboard 


25” end at Y, = 217.375 
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Base Pressure Tubes 






Cavity Pressure Tube 








Total Projected Area 
(Including Cavity) 
A, = 1.0004 in. 
Cavity Area 
A. = 0.3167 in. i 
Figure 3. - Definition of Base and Cavity Areas and 
« Pressure Tube Locations. 
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